An increased ventilatory drive is intimately related to dyspnoea in most forms of heart disease (Campbell and Howell, 1963) ; knowledge of the mechanisms leading to an excessive ventilatory response is germane to the understanding of the pathogenesis of symptoms in such patients.
In previous communications we have discussed ventilation at rest and on exercise in relation to haemodynamics and blood chemical changes, in normal subjects (Davies, Gazetopoulos, and Oliver, 1965) , in several types of heart disease with closed cardiac septa (Gazetopoulos et al., 1966b; Gazetopoulos, Davies, and Deuchar, 1966a) , and in cyanotic congenital heart disease (Davies and Gazetopoulos, 1965) . Similar studies in patients with left-toright shunts remain to be described, the hemodynamic changes with exercise having already been reported (Davies and Gazetopoulos, 1966) . The relation between ventilation, arterial and venous blood chemistry, and hemodynamics at rest and on effort, is discussed in this paper.
SUBJECTS AND METHODS
The 34 patients included in this study had communications between the systemic and pulmonary circulations leading to the presence ofa left-to-right shunt. The clinical data are presented in Table I . The techniques used for h.modynamic measurement have been described in the previous paper (Davies and Gazetopoulos, 1966) , and the account will, therefore, not be repeated. Ventilation was measured by means of a Wright respirometer at rest and during steady state after the fifth minute of exercise, the values being corrected to B.T.P.S. In parallel with the hemodynamic and ventilatory measurements, arterial and venous blood samples were obtained in the third-to-fourth and eighthto-tenth minutes of effort. These blood samples were analysed for pH, Pco2, and bicarbonate content.
Lactate and pyruvate determinations were made on arterial blood. These techniques have been previously described (Davies and Gazetopoulos, 1965) .
In 10 patients we have studied the effects of heavier exercise on a bicycle ergometer in the sitting position. In 7 of these, rest and exercise data had also been obtained during cardiac catheterization in the supine position; in the other 3, such data had been obtained only at rest. Exercise was begun at low exercise load (200 kpm./min.) and was increased where possible by 200 kpm./min. each 10 minutes, usually to the maximum exercise tolerance. Measurements of oxygen uptake, ventilation, heart rate, and arterial blood chemistry were made in similar sequence to that outlined above. The techniques employed for studies in the upright position have been the same as in normal subjects (Davies et al., 1965) and in patients with other forms of heart disease (Gazetopoulos et al., 1966a) .
RESULTS
Mild Supine nxercise. Table I shows the ventilatory response at rest and on exercise in the supine position (hwmodynamic data have been given in the previous paper, the cases and their designations being the same). Table II shows the arterial and venous blood chemistry in those patients in whom measurements were made.
Ventilation and Hcemodynamics. Figure 1 illustrates the ventilation in relation to the oxygen consumption, the types of lesion being designated by different symbols; the limits of normality are those taken from the published material and our data from this laboratory (Gazetopoulos et al., 1966b) . Excessive ventilation is seen in a number of patients. Three showed slight arterial desaturation on effort due to an associated small right-to-left shunt: their ventilatory response did not appear to be unusual on this account.
In Fig. 2 we have plotted the deviation of ventilation from the mean normal for the given oxygen Figure 3 shows the deviation of exercise ventilation from normal against the degree of impairment of cardiac output, i.e. deviation from mean predicted value for the given oxygen uptake (Gazetopoulos et al., 1966b ). It appears that the systemic flow is not a determinant of hyperventilation.
No single haemodynamic parameter is thus associated clearly with the tendency to hyperventilate, which is seen in most of these patients. Other parameters such as pulmonary vascular resistance and the product of pulmonary arterial pressure and flow were examined, but again no close relationship with ventilation was found. It must be noted that these observations apply to low exercise loads in the supine position.
Ventilation and Arterial and Venous Blood Chemistry. Figures 4 and 5 show the arterial Pco2 and pH, measured in the second half of exercise, plotted against the excess ventilation. A number of patients is seen to be hypocapnic, in accordance with their tendency to hyperventilate. Despite this, the pH in most cases fell owing to lactic acid2emia. Fig. 6 shows the arterial lactate concentration and the excess ventilation: there is some suggestion that the patients with the higher lactates tend to have a greater ventilation, but the relation is not significant (p > O 1).
Figures 7 and 8 deal with the blood gases on the venous side of the circulation. Fig. 7 illustrates the excess ventilation and the pulmonary arterial pH. No relation is seen. In Fig. 8 we have plotted the pulmonary arterial Pco2 and the minute ventilation. The broken line represents a normal ventilation-mixed venous Pco2 curve taken from Riley et al. (1963) . In the same figure we have plotted the findings in other forms of heart disease Upright Exercise. Table III shows the findings in subjects exercised in the upright position on the bicycle ergometer with stepwise increases in load. Fig. 9 illustrates the main parameters studied: in the lower part the ventilation and heart-rate in the steady state are shown, the normal limits (Davies Kpm. =kilopond metre; Rec.=recovery. Symbols otherwise as in Tables I and II. Exercise Load (Kpm/min.) FIG. 9.-Ventilation, heart-rate, and blood chemistry during exercise in the upright position with stepwise increase in load. The normal ranges are shown by the shaded areas (Davies et al., 1966) . Excessive ventilation is often seen, and the blood chemistry changes as a result of this.
cases except one (Case VH33) the oxygen saturation remained normal; in the exception the ventilatory response was not unusual. The arterial lactate concentration was excessive in some patients and so were the lactate/pyruvate ratios. In Fig. 10 (Cotes, 1955; Arnott, 1963;  land 2. For discussion Sloman and Gandevia, 1964) as well as ourselves (Gazetopoulos et al., 1966b) have failed to find a satisfactorily demonstrable relation between this a number of variables and the ventilation in different forms of heart Lt disease groups may disease. The same is true in the present group nsion, but the prob- (Fig. 5) . It has been suggested (Gazetopoulos et al., 1966a ) that there may be mechanisms of considerable degree adaptation at tissue level to inadequate oxygen and have found it difficult to discern which particular factors determine any one individual's response. Of those that are known to encourage hyperventilation, we have seen in this group evidence, in a few cases, of pulmonary venous hypertension and a response similar to that of patients with mitral stenosis. There has been evidence of an impaired cardiac output and resulting tissue hypoxia with a ventilatory response similar to that of patients with pulmonary stenosis. Excessive ventilation not explicable by these manifestations has, however, been observed. We note moreover that dyspncea has been present without much hyperventilation in some cases.
One major factor which is missing for these considerations is that of organic lung damage and derangement of pulmonary function. This is likely to be a potent factor in symptomatology, and will be discussed in a subsequent paper. SUMMARY Ventilatory, hemodynamic, and metabolic studies have been performed at rest and during exercise in 34 patients with left-to-right shunts. Most patients showed an excessive ventilatory response to exercise, but this was not apparently related directly to the level of pulmonary arterial pressure or the magnitude of the pulmonary flow. In a minority of patients pulmonary venous hypertension was probably a stimulus to the ventilation.
No particular htemodynamic parameter or combination of parameters can thus be shown to be directly associated with the manifest hyperventilation of patients with left-to-right shunts, and the cause of this must therefore be sought elsewhere. The blood gases changed in a manner consequent upon the ventilation. The arterial lactate concentration was excessive in most patients showing hyperventilation, and the possible relation between tissue hypoxia and the ventilatory response has been discussed.
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